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Introduction
Reactions between nitrite ions and bisulfite ions occur in aqueous solutions and may be involved in the acid rain formation from SO2 and NO, in aqueous aerosols. These reactions can also be important in solution-based flue gas scrubbing systems. Knowledge of the chemistry of these compounds is needed to predict their behavior in aqueous solutions. Most of the chemistry associated with the nitrogen sulfonate products of these reactions is fairly well understood (1) . An exception is the H 0 H decomposition of hydroxysulfamic acid (HSA) in acidic conditions. Ackermann and Powell (2, 3) have investigated the akaline hydrolysis and oxidation by oxygen of HSA. The only quantitative study of the acid hydrolysis of HSA was done by Candlin and Wilkins (4) , who performed a limited number of hydrolysis runs in their studies of nitrogen-sulfur compounds. It is unclear whether they deaerated their solutions. They noted a decreasing yield of hydroxylamine as a product at higher pH conditions, which could be due to oxidation of the HSA. As part of our studies of the chemistry of nitrogen-sulfur compounds (5-7), we have investigated the acid dissociation constant of HSA. While working with HSA it was decided to make a determination of the acid hydrolysis rate.
Experimental
HSA was prepared in aqueous solution by hydrolyzing dissolved potassium hydroxyimidodisulfate (HIDS). HIDS is prepared by reacting nitrite ion with bisulfite ion at O°C (8) . The synthesis of potassium HIDS is more straightforward than for HSA (8, 9) , and higher yields and purity can be obtained. HIDS hydrolyzes much more quickly than '~u t h o r to whom all correspondence should be addressed.
Primed in Canada / Imprim6 au Canada HSA, and did not interfere in the studies. The potassium IDS was stored in a refrigerated dessicator to retard decomposition. Reagent grade compounds were used in the HIDS synthesis and in the solutions used for this study. The acid dissociation constant for HSA was determined by observing solutions of HSA with varying concentrations of perchloric acid using Raman spectroscopy. Quantitative measurements of the concentrations of compounds above about 0.01 M in solution by Raman spectroscopy can be obtained by use of a reference compound. At higher concentrations (about 0.5 M or higher), scan-to-scan reproducibility is generally better than +5% when the peaks are free of interference. Raman spectra of the HSAperchloric acid solutions were obtained immediately after preparation to avoid problems with the hydrolysis of HSA. The solutions were prepared under a nitrogen atmosphere. The heights of the Raman peaks for the two forms of HSA were compared with each other and the C 1 0 4 peak to determine the dissociation constant. Since the peaks of the two forms of HSA overlap, reference spectra of the two forms were scaled to yield a flat baseline on subtraction to determine the concentrations. The spectra were corrected for the presence of HS04-, which slightly overlapped the HSA peaks. These corrections introduced some uncertainty into the results. All measurements were made with deaerated solution.
The hydrolysis of HSA was studied using ion chromatography to monitor the decay of HSA and the growth of the sulfate product (10) . Solutions were prepared by adding the HIDS salt to a deaerated perchloric acid solution. The solutions were kept under a nitrogen atmosphere in a water bath of the desired temperature. The ionic strength of the solutions was adjusted with sodium perchlorate when necessary. When the HIDS had completely hydrolyzed, as determined by Raman spectra of the solution, it was placed in a controlled-temperature bath. Aliquots were then taken periodically and diluted for analysis by ion chromatography. The ion chromatograph has a linear response to HSA and sulfate at concentrations up to lo4 M, SO solutions were diluted to ensure that the HSA and sulfate ions were below this level.
Results and discussion
For the determination of the acid dissociation constant of HSA, Raman spectra were obtained of 0.01 M HSA solutions with perchloric acid concentrations ranging from 0.001-5.1 M over a temperature range of 288-338 K. The spectra obtained at the lowest acid concentrations had only the deprotonated form of HSA present, with a Raman peak at 1056 cm-' . These spectra were used to determine the amount of deprotonated HSA in other solutions and correct their spectra, so that the peak due to Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 10/31/19
For personal use only. protonated HSA at 1063 cm-' could be measured. From these measurements, it was found that the HSA acid and the HSA anion had Raman scattering efficiencies of 0.50 and 0.48 respectively, compared to the 980 cm-' sulfate peak at 298 K. Raman spectra of the two peaks are shown in Fig. 1 . These Raman peaks are due to the SO3 stretch in the molecules (1 1). The small shift in the stretch frequency observed on protonation suggests that the hydrogen ion is attaching to the nitrogen (structure I) rather than the SO3 group (structure 11).
I I1
There was a significant amount of HSA anion present in the 5.1 M perchloric acid solution. From the measured concentrations of the two forms of HSA and the hydrogen ion concentration, the acid dissociation constant was calculated. The average value obtained was K = 1.5 + 0.5 M at 298 K. The uncertainty is due largely to the noise in the Raman spectra. Within the uncertainty, no significant temperature dependence of the dissociation constant was observed over a temperature range of 288-338 K. Work done by Hall and Sprinkle (12) suggests that there should be a relatively small change in the equilibrium constant with temperature. The ionic strengths of the solutions studied were not controlled. Most of the solutions were in the range of p. = 1 to 5 M.
To determine the hydrolysis rate of HSA, measurements were made on HSA solutions over a range of conditions. Perchloric acid concentrations varied from 0.03 to 2.0 M and HSA concennations varied from 3 X to 3 X 10-'M. Ionic strengths of these solutions ranged from 0.03 to 2.1 M. The hydrolysis was studied over a temperature range of 298 to 358 K. Most of the hydrolysis runs were done at perchloric acid concentrations of 0.10and 1.0M.
The dependence of the hydrolysis rate on hydrogen ion concentration was determined with a series of runs at 348 K in which [H+] was varied from 0.03 to 1.0 M at [HSA] = 0.01 M and p. = 1.0 M. The effective rate exhibited first order dependence on [H+]. A run done at [H+] = 2.0 M was corrected for ionic strength and its rate was found to be in agreement with the results obtained at lower acidities. The hydrolysis rate depen- The results indicate that HSA is fairly stable in moderately acid solutions (pH 2-4) where other nitrogen-sulfur compounds hydrolyze. The results indicate that significant amounts of HSA could accumulate in aqueous aerosols exposed to SO2 and NO,. In an acidic environment, oxidation by Oz is fairly Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 10/31/19
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